OBJECTIVES The aim of this study was to assess factors influencing the clinical outcome and morphological changes of acute and chronic type B aortic dissection after thoracic endovascular aortic repair (TEVAR).
Indications for TEVAR in patients with AAD were aortic rupture (hemothorax, hemomediastinum), malperfusion syndrome (acute limb ischemia, bowel ischemia, renal ischemia), persistent pain for >3 days or hypertension refractory to medical treatment.
Chronic dissections were considered for intervention in the presence of complications as impending rupture and organ ischemia or unstable blood pressure, maximal short-axis thoracic aortic diameter >55 mm, or rapid growth (10 mm/year) of the thoracic aorta. Patients with underlying inherited (e.g., Marfan syndrome) and inflammatory disease (e.g., Takayasu syndrome) were not included in the study.
All patients who presented with acute onset of symptoms (<14 days) not responding to medical therapy were treated within a few days (1 to 6 days) from admission. If an acute patient is stable with no complications, we wait 14 days to decide whether TEVAR is indicated.
Each patient was informed of the intended treatment and possible complications, and written consent was obtained before the procedure.
The study was approved by the local ethics committee and the internal review board.
Before the procedure and during the follow-up (5 days and 6, 12, 24, and 36 months), all patients were evaluated with clinical assessment and computed tomography angiography (CTA). In case of anomalous findings, digital subtraction angiography was performed.
Clinical success was defined when pre-operative pathological condition and symptoms (i.e., malperfusion syndrome) were resolved by TEVAR.
Using CTA in the true axial plane, we evaluated the short-axis diameter of the whole aorta, the TL and TL at 7 different levels: 3 cm and 1 cm above the stent graft, superior edge of the stent graft, midlevel of the stent graft, inferior edge of the stent graft, and 1 cm and 3 cm below the stent graft.
The aortic changes regarding the morphology and diameter of the TL and FL were assessed and compared with the pre-treatment CTA findings.
Univariate and multivariate analyses were used to assess the following factors that have been associated with endoleaks and major adverse events (MAE) (defined as mortality, lack of clinical success, and major complications): stent graft oversizing; balloon dilation after stent graft deployment; number of stent grafts implanted; length of covered thoracic aorta; covering of the left subclavian artery (LSA); and embolization of the LSA. All these procedural details were analyzed and correlated with the presence of aortic remodeling, endoleaks, or MAE. 
RESULTS
Patient cardiovascular risk factors and clinical presentation are presented in Table 1 . Twenty-nine patients (48.3%) were included in the AAD group, and 31 patients (51.7%) in the CAD group.
Clinical success was obtained in 27 patients with AAD (93.1%) and in all patients with CAD. In 2 patients with AAD, malperfusion syndrome was not immediately resolved after the first TEVAR, and therefore an additional stent graft has to be deployed to resolve the malperfusion syndrome within 7 days.
Clinical outcomes are reported in Table 2 Values are mean AE SD, n, or n (%).
AADs ¼ acute aortic dissections; CADs ¼ chronic aortic dissections. Values are n (%).
TEVAR ¼ thoracic endovascular aortic repair; other abbreviations as in Table 1 .
Fanelli et al. Endoleak characteristics and embolization techniques are shown in Table 6 . However, after reintervention, all endoleaks were successfully sealed. Values are n, mean AE SD, n (%), or mean AE SD (%).
LSA ¼ left subclavian artery; other abbreviations as in Table 1 . POST-DILATION. Dilation of the stent graft was performed to obtain a better seal to the aortic wall at the level of the proximal and distal landing zones.
Moreover, it was also performed when multiple devices were inserted at the level of the overlapping segments in 18 patients (62%) in the AAD group and in 18 patients (58%) in the CAD group.
In both groups, the rate of endoleaks was not significantly different between patients who underwent stent graft dilation and those who did not. In (Table 3) (multivariate analysis, p ¼ 0.754).
In the CAD group, the FL thrombosis rate, observed at 36 months of follow-up, was constant over that period but was not directly related to freedom from MAE or endoleaks ( Figure 5) . Moreover, multivariate analysis showed different results for patients who underwent stent graft dilation and those who did not (Table 4) .
However, the 2 cases of antegrade dissections were not associated with dilation of the stent graft as the complication, which, in both cases, occurred immediately after stent graft deployment.
DISCUSSION
Several articles have outlined that the rationale of endovascular treatment for type B dissections relies on the exclusion of the primary entry tear inducing Abbreviations as in Tables 1 to 4 .
FIGURE 1 Aortic Remodeling Above the Stent-Graft
Whole lumen (WL) changes over time in acute aortic dissection (AAD) and chronic aortic dissection (CAD) above the stent graft (levels 1 and 2). Interv ¼ intervention.
Fanelli et al. However, in chronic dissections, some reports indicate that endovascular repair should not significantly alter the aortic morphology (10) . This behavior reflects the lower FL thrombosis rate that we observed in CAD compared with AAD (Figures 1 to 5 ).
In our study, FL thrombosis was more evident in AAD within the first 18 months after treatment. These outcomes are similar to the results of other recent studies that stress the higher capacity of remodeling of acute rather than chronic dissection after TEVAR (5,9,11,12).
Our results confirmed that in AAD, FL thrombosis and shrinkage is directly proportional to the absence of MAE and endoleaks (Figure 4) . By comparison, FL thrombosis in CAD is less prominent initially and at the same time has a weak correlation with MAE and endoleak occurrence. This finding is probably related to the fact that in our cohort mainly type II endoleaks from the LSA occurred ( Figure 5 ). Apart from FL and TL changes in size, which are well known, the entire lumen of the aorta above the stent graft has not yet been analyzed (13, 14) . Our results showed that the whole aortic lumen tends to increase significantly above the stent graft (þ4.5 mm in 36 months) in AAD, but not in CAD. This may be related to the increased active remodeling of the aortic wall that is typical of AAD and also associated with increased shear stress forces above the stent graft, which may lead to aneurysm formation or retrograde type A dissection.
We also analyzed some procedural factors that may affect the fate of the aorta after stent graft deployment. As far we are aware, these procedural factors in relation to aortic remodeling have not previously been clearly examined.
For example, stent graft oversizing is still contentious (15) (16) (17) (18) . Multiple factors must be evaluated, especially with regard to the patient's age and nature of the aortic disease (e.g., acute dissection, chronic dissection, trauma).
Stent graft oversizing has been recommended to be minimal (#20%), using the nondissected midaortic arch as the reference vessel diameter, in those patients with a history of trauma (2, 15, 16) . In fact, greater oversizing may be associated with endograft collapse (infolding) and consequent incomplete sealing (17, 18) . Moreover, in the case of AAD, a decrease in the degree of stent graft oversizing potentially reduces the barotrauma on the fragile aortic wall, reducing the risk of antegrade dissection or aortic rupture. In 1 study, stent graft oversizing $20% was a significant predictive factor for reintervention (19) .
In our experience, the degree of stent graft oversizing was observed to be slightly higher in CAD (15.5%) than in AAD (13.8%) (p ¼ 0.07). What we observed is that stent graft oversizing has a bearing on either endoleak or MAE in either AADs or CADs (Tables 3 and 4) .
There is a paucity of literature regarding outcomes and long-term morphological changes in Abbreviations as in Figures 1 and 2 .
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both AAD and CAD in relation to stent graft dilation (5, (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) 20) .
In our study, we investigated the relationship be- Abbreviations as in Figures 1, 2 , and 4.
Fanelli et al. To explain these differences, one might consider the greater stiffness of the aorta in chronic dissections that prevents stent graft dilation from influencing the aortic remodeling. This concept can be also considered when we evaluate the number of stent grafts implanted. In CAD patients, more stent grafts (n ¼ 57) were implanted than in AAD patients
All CAD patients were successfully treated by covering a significantly longer segment of the aorta than in AAD patients ( Table 2 ). This may indicate the need to extend the stent grafts more distally to obtain complete exclusion of the FL and to increase the TL diameter. By comparison, in AAD, shorter distances can be covered given the high clinical success rate and remodeling and the higher risk of paraplegia ( Figure 4 ).
Hence, embolization of the LSA origin might be performed during the initial procedure. Noncritical arm ischemia was reported in several studies (9, 22, 23) . A complete evaluation of the blood flow at the level of the vertebral and mammary arteries is mandatory to avoid neurological complications. The other factors, i.e., aortic arch radius and incomplete apposition of the stent graft, have not been considered in our study because in our case series, we did not find significant variability in aortic arch radius and proximal apposition of the different stent grafts.
STUDY LIMITATIONS. This is a retrospective observational study with a relatively small number of patients and relatively small number of MAEs and endoleaks. In addition, a wide range of different types of stent grafts were used.
CONCLUSIONS
Aortic remodeling after TEVAR can be associated with the characteristics of the dissection and the procedural technique. In particular, TEVAR of AAD results in a greater degree of aortic remodeling than in CAD.
According to the type of aortic dissection, different techniques such as post-dilation, embolization of the LSA, and distal extension of the stent graft may be considered.
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